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Semiconductor optical amplifier based Raman pump 



Technical Field 

The present invention relates to a method for amplifying an optical signal. Fur- 
thermore, it is related to an optical signal amplifier. The invention is based on a 
priority application EP 03 290 941 .8 which is hereby incorporated by reference. 

Background of the invention 

The continuous growth of bandwidth requirements in optical-based communica- 
tions systems has resulted in a large demand for systems able to operate over a 
large spectral window partly outside the amplification band provided by Erbium- 
doped fiber amplifiers. Erbium-doped fiber amplifiers effectively operate over a 
limited wavelength band. Depending on amplifier configuration and fiber com- 
position, Erbium-doped fiber can be used for amplification of optical signal de- 
fined over the telecommunications C-band and L-band i.e. respectively from ap- 
proximately 1528nm to 1568nm and further up to 1620nm. But, at least several 
different erbium-doped fiber amplification configurations would be required to 
cover this entire range which implies a high cost. And more severe restrictions 
will come from the use of Erbium-doped fiber amplifiers due to a to inhomoge- 
neous gain spectrum with relatively high noise figure. Other rare earth-doped 
fiber amplifiers have been used for amplification outside the erbium wavelength 
band. But they exhibit very low efficiency as well as other technical problems as- 
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sociated with each particular kind of dopant when compared to Erbium-doped 
amplifiers. 

Accordingly, other amplifier configurations have been develop to amplify wave- 
length band ranges greater than can be amplified with singular rare earth- 
doped amplifiers. An example which have attracted much attention comprises a 
Raman fiber amplifier as they can be used to extend the reach of long haul 
Dense Wavelength Division Multiplexed (DWDM) communication systems. Such 
amplifier converts laser radiation from a pump laser into another wavelength 
range through stimulated Raman scattering. More specifically, Raman scattering 
operates on the principle of Stokes light generation, which is downshifted from 
the optical pump frequency by an energy determined by vibrational oscillation 
modes in the atomic structure of the fiber. In other words, Raman gain results 
from the interaction of intense light with optical phonons in the glass, and the 
Raman effects leads to a transfer of power from one optical beam, or the pump, 
to another optical beam, or the signal. During a Raman scattering effect, the sig- 
nal is downshifted in frequency i.e. upshifted in wavelength by an amount deter- 
mined by the vibrational modes of the glass or the medium. 

In operation, a pump laser is used to conduct pump radiation through a Raman 
medium. Signal radiation which propagates co-linearly with the pump will be 
amplified by stimulated Raman scattering, whereby a pump photon is stimulated 
to emit an optical phonon and also a photon at the same energy and phase as 
the signal photon. A counter propagation of signal radiation versus pump radia- 
tion is also conceivable. The wavelength range over which amplification occurs is 
referenced to the wavelength of the optical pump and the bandwidth is deter- 
mined by the phonon spectra of the Raman medium. A direct consequence of 
this is that amplification can be realized at any wavelength in an optical fiber by 
correct choice of the wavelength of the optical pump. 

One of the problems generally associated with Raman amplifiers is the require- 
ment of a relatively large pumping power. A significant advantage, however, of 
Raman amplifiers is the low noise figure associated therewith close to the quan- 
tum limit of 3dB. 



In WO02/056510 is described an optical signal amplifier that includes a Raman 
fiber amplifier with a semiconductor optical amplifier. It makes use of the low 
noise figure typically associated with Raman amplifiers, the significant gain at the 
optical signal wavelength typically associated with semiconductor optical amplifi- 
ers and the residual pump power from a Raman amplifier to increase the satura- 
tion output power of semiconductor optical amplifier. 

In "Raman amplification using high-power incoherent semiconductor pump 
sources" from D. Vakhshoori et al., PD47-1, OFC-2003, is described a distrib- 
uted Raman amplifier using high-power and spectrally incoherent semiconductor 
pump sources. More than 250mW of broadband Amplified Spontaneous Emis- 
sion (ASE) has been efficiently generated from a single spatial mode semicon- 
ductor source. This was achieved through coupling of a low-power seed optical 
signal from a semiconductor ASE source into a long-cavity semiconductor ampli- 
fier waveguide which was optimized in design for center wavelength power am- 
plification. Two seed sources and four power optical amplifiers devices were 
multiplexed in power and wavelength within the same butterfly package. This 
paper shows clearly that the achievement to amplify wavelength over a big band 
range at least covering the telecommunications C-band implies the use of several 
semiconductors pumps emitting at different wavelengths and multiplexed in po- 
larization. This is irremediably connected to high cost due to the requirement to 
pay for several pumps for covering at least the C-band gain spectrum. Further- 
more, discrete wavelengths means resulting gain excursion in the Raman gain 
spectrum. 

Summary of the invention 

In view of the above, it is an object of the present invention to provide gain for 
optical signals over a spectrum as broad as possible while using a method or a 
device being as cheap as possible. Furthermore, it is also an object to benefit of 
the broader and flatter gain spectrums with lower effective noise figure achieved 
using Raman amplification. 

This object is achieved in accordance with the invention by the use of an optical 
signal amplifier comprising a Semiconductor Optical Amplifier (SOA) as semi- 
conductor Amplified Spontaneous Emission (ASE) source. This SOA is then used 
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for the production of optical pumping seed which has to be amplified to get a 
large pump power. With such large pump power, it will be possible to counteract 
the loss in a fiber link of optical signals transmitted through it by applying said 
amplified pumping seed as Raman amplification on the optical signals. 

An embodiment of the optical signal amplifier according to the invention is char- 
acterized in that said SOA shows highest reflection coefficient on its back facet 
and lowest reflection coefficient on its opposite facet to be optically connected to 
a link fiber where optical signals will be propagating. In such a way, the SOA is 
optimized to act as a semiconductor ASE source producing optical pumping 
seed. 

The invention further relates to a method for amplifying an optical signal com- 
prising the combination of a semiconductor ASE source together with a high- 
power pump source. Latter will be used to amplify optical pumping seed to be 
produced by the semiconductor ASE source. Accordingly, the obtained amplified 
pumping seed will be used to act as a Raman amplification of optical signals. 

Advantageous developments of the invention are described in the dependent 
claims, the following description and the drawings. 

Description of the drawings 

An exemplary embodiment of the invention will now be explained further with the 
reference to the attached drawings in which: 

Fig. 1 is a schematic view of a composite optical amplifier including a link fiber 
for transmission of optical signals according to the present invention; 

Fig. 2 is a schematic view of an embodiment of the optical signal amplifier ac- 
cording to the present invention. 

Detailed description of preferred embodiments 

On figure 1 is shown a composite optical amplifier according to the present in- 
vention. It comprises a SOA 1 used as a semiconductor ASE source for the pro- 
duction of optical pumping seed. Latter will be optically coupled by a pump 
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combiner 3 like a Wavelength Dense Multiplexer WDM with the emission of a 
high-power pump source. Both, the optical pumping seed and the emission of 
the high-power pump source 2 will be transmitted 4 to a link fiber 6 counter 
propagated by optical signals. These optical signals are received at the input 7 
and transmitted at the output 9 of the link fiber 6. In the composite optical am- 
plifier shown on figure 1, the optical signals are decoupled using a WDM 8 after 
propagating through the link fiber 6 such to be in interaction with pumping light 
only in the link fiber 6. For that, it may be preferably to implement a further iso- 
lator 5 between both used WDM 3 and 8 to avoid of rest of optical signals to 
enter into the high-power pump source 2 and/or the SOA 1 . 

On figure 2 is shown a more precise schematic view of an embodiment of the 
optical signal amplifier according to the present invention and possibly designed 
as a single package 9. It comprises the SOA 1 isolated from the pump combiner 
3 directly by an isolator 10. To this pump combiner 3 is also optically connected 
the high-power pump 2 being preferably a Raman fibre laser e.g. centered at a 
wavelength possibly around 1340nm or 1360nm. A supplementary input 11 is 
provided to which a further pump centered could be coupled to cover even a 
larger band range. The pumping light coming from the pump combiner 3 will be 
directed using the WDM 8 towards an optical link 12 to be e.g. spliced with the 
output of the link fiber 6 (not shown on figure 2). The optical signal after propa- 
gating through the link fiber 6 where it will interact with the pumping light, will be 
directed towards an optical branch using the WDM 8 inside said package 9. Said 
WDM 8 can be preferably a wide band multiplexer. This allows to apply e.g. a 
band pass filter 13 preceded by an isolator 14 on the optical signal as a kind of 
reshaping procedure. The output 15 of that package 9 of the optical signal am- 
plifier will be destined to collect the treated optical signal. 

The optical isolator 14 is implemented to prevent from oscillations which could 
result from the combination of the Raman gain in the line with reflection s com- 
ing from the terminal equipment. Moreover, the band pass filter is implemented 
in order to reject the Raman noise present with the optical signal. But the use and 
the place of isolators 4, 10, 14 as well as the combiners 3, 8 and/or the filter 13 
in figures 1 and 2 are not exclusive. Different arrangements could be chosen still 
being covered by the present invention. 
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A method for amplifying an optical signal according to the present invention will 
be based on the use of a package similar to the one 9 shown on figure 2. The 
method comprises the steps of providing a semiconductor amplified spontaneous 
emission source here the SOA 1 for the production of optical pumping seed. Its 
gain peak can be taken new 1450nm in order to provide optical pumping seed 
via Raman gain in the telecommunications transmission window around l,55jum 
comprising among others the (extended) C-band (~ 1528nm till 1568nm). Since 
this output power usually will not be high enough, the optical pumping seed will 
have to be further amplified in order to provide a significant Raman gain of the 
optical signal. This will be obtained by providing the high-power pump 2 used as 
a second-order Raman pump while the SOA 1 being the so-called primary pump 
with respect to the optical signal. Such high-power pump 2 can be preferably a 
Raman fiber laser centered at wavelength e.g. around 1340nm as in the pack- 
age 9 on figure 2. But other high-power pump could be chosen. 

The SOA 1 and the high-power pump 9 are respectively first and second order 
Raman pump comparatively to the optical signal. Indeed, the optical signal is of 
frequency near the Raman gain peak caused by the first order pump which is 
itself of frequency near the Raman gain peak produced by the second order 
pump. Therefore, light to be emitted by the high-power pump source 9 when 
propagating through a link fiber 6 together with the optical pumping seed pro- 
duced by the said SOA 1 acting as ASE source will ensure a Raman amplification 
of said optical pumping seed. Latter in turn will act as a Raman amplification of 
the optical signal transmitted through the link fiber 6 counteracting very effec- 
tively the usual occurring loss during propagation through a link fiber. And the 
Raman amplification of the optical signals will be distributed further along the 
link fiber 6 enabling a notably improvement of the noise figure. 

It is possible to generalize the present method not only to optical signals defined 
in the telecommunications C-band but also clearly beyond like over the S-band 
(around 1460nm till 1530nm) and/or L-band. For that, it may be preferable to 
add a supplementary first order Raman pump possibly also a SOA acting as a 
ASE source so to be able to cover a spectral range optical signals comprising 
e.g. the telecommunications L-band. The optical pumping seed coming from that 
first order Raman pump will be combined in the same way as the previous first 
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order Raman pump (see 1 1 on figure 2) with the light of the second order pump 
to be amplified in the link fiber before acting on the optical signals. 

The first order Raman pump are chosen to be semiconductor amplified sponta- 
neous emission source i.e. SOA used in the present invention for its emission of 
ASE and not as usual as a laser. An optimization of such semiconductor ASE 
source can be performed when its back facet will show highest reflection coeffi- 
cient while its opposite facet from where the optical pumping seed will be 
launched towards the link fiber will show lowest reflection coefficient. 

Furthermore, such first order Raman pump can be advantageously designed in 
order to provide similar gain when acting as Raman amplification in said link 
fiber on different polarized states of the optical signal. With such unpolarized 
emission, the polarization sensitive effects occurring during the transmission of 
the optical signals through the link fiber can be effectively restrained. 

As shown on both figures 1 and 2, the emissions from the first and second order 
Raman pumps are combined and launched usually but not exclusively counter- 
directionally to the optical signal from the receive side. And the light coming from 
the second order pump will amplify the optical pumping seed from the first order 
pump during their propagation throughout the link fiber 6 i.e. the optical pump- 
ing seed will grow along the fiber. Finally, the amplified pumping seed will pro- 
duce at its turn Raman amplification of the optical signal transmitted through the 
fiber link. This pumping scheme has the advantage of giving the gain to the sig- 
nal in a more distributed manner compared to prior art e.g. when launching a 
single high-power pump. Thus an optical signal amplifier as well as a method 
for amplifying an optical signal according to the present invention will notably 
give a better system noise performance. 



